12 CO(J = 1 − 0) observations of Henize 2-10, a blue compact dwarf galaxy about 8.7 Mpc away, taken with the Atacama Large Millimeter Array. These are the highest spatial and spectral resolution observations, to date, of the molecular gas in this starburst galaxy. We measure a molecular mass of (1.2 ± 0.4) × 10 8 M in Henize 2-10, and 75% of the molecular gas mass is contained within the northern region of the galaxy near the previously identified young super star clusters, which has a projected size of about 300 pc. We use the CPROPS algorithm to identify 119 resolved giant molecular clouds distributed throughout the galaxy, and the molecular gas contained within these clouds make up between 45 to 70% of the total molecular mass. The molecular clouds in Henize 2-10 have similar median sizes (∼ 26 pc), luminous masses (∼ 4 × 10 5 M ), and surface densities (∼ 180 M pc −2 ) to Milky Way clouds. However, Henize 2-10 clouds have velocity dispersions (∼ 3km s −1 ) about 50% higher than those in the Milky Way. We provide evidence that Henize 2-10 clouds tend to be in virial equilibrium, with the virial and luminous masses scaling according to M vir ∝ M 1.2±0.1 lum , similar to clouds in the Milky Way. However, we measure a scaling relationship between luminous mass and size, M lum ∝ R 3.0±0.3 , that is steeper than what is observed in Milky Way clouds. Assuming Henize 2-10 molecular clouds are virialized, we infer values of the CO-to-H 2 conversion factor ranging from 0.5 to 13 times the standard value in the Solar Neighborhood. Given star formation efficiencies as low as 5%, the most massive molecular clouds in Henize 2-10 currently have enough mass to form the next generation of super-star clusters in the galaxy.
INTRODUCTION
Among the many reasons why dwarf galaxies are so fascinating is that the conditions for star formation in these galaxies are quite unlike local conditions in the Milky Way. A star born in a dwarf galaxy-with its low stellar mass ( 10 9 M ) and often comparatively gas-rich interstellar environment (e.g., Mateo 1998)-may have been reared much differently than a typical star born inside the spiral arm of a larger galaxy. This is because galactic environment may play a substantial role in shaping the properties and evolution of giant molecular clouds (GMCs; e.g., Hughes et al. 2013; Colombo et al. 2014; Utomo et al. 2015; Sun et al. 2018) , the massive, cold reservoirs of molecular gas that set the stage for the initial conditions of star formation.
Within the family of dwarf galaxies, of particular interest are blue compact dwarfs such as Henize 2-10. With their small sizes (e.g., Thuan 1991), high current star formation rates (Fanelli et al. 1988; Thuan et al. 1999) , high surface brightness, and compact star-forming regions (e.g., Kunth et al. 1988; Papaderos et al. 1996; Thuan et al. 1999) , starbursting dwarfs represent extreme star-forming environments that may be emblematic of the Universe's earliest galaxies (Sargent & Searle nimara@cfa.harvard.edu 1970). The compact dwarf irregular Henize 2-10 has captured the interest of astronomers for decades. First discovered in an Hα survey by Henize (1967) , Henize 2-10 was only later identified as an extragalactic system (Kondrat'eva & Kondratjeva 1972) . In this paper, we present new observations of the molecular, star-forming environment of Henize 2-10, whose properties are summarized in Table 1 . Our study is part of the broader effort to understand how galactic environment shapes star formation at its earliest stages.
Henize 2-10 is located in the constellation Pyxis at a distance of 8.7 Mpc (Tully 1988 ). The galaxy is undergoing a major starburst, with a star formation rate (SFR) of 1.9 M yr −1 (Reines et al. 2011 ). The starburst activity is concentrated in two regions, called "A" and "B," following the nomenclature of Vacca & Conti (1992) . The regions have a projected separation of 8 (∼ 340 pc; Vacca & Conti 1992) . These compact regions contain hundreds of supergiants and tens of super-star clusters (SSCs; Johnson et al. 2000) , which are thought to be common in merging galaxies and which may be the precursors to globular clusters (e.g., Harris 2003) . The two regions have been the subject of numerous spectroscopic studies (e.g., Vacca & Conti 1992; Johnson et al. 2000) , and radio and infrared observations have revealed the presence of SSCs still enshrouded in interstellar material arXiv:1812.02180v2 [astro-ph.GA] 4 Apr 2019 Tully (1988) ; (2) Johansson (1987) ; (3) Esteban et al. (2014) ; (4) Madden et al. (2014) ; (5) Reines et al. (2011) ; (6) Baas et al. (1994) ; (7) Sauvage et al. (1997) Note. The molecular gas depletion time is defined: τ dep ≡ M H 2 /SFR. (Kobulnicky et al. 1999; Turner et al. 2000) . The high far infrared luminosity of the starburst led Johansson (1987) to suggest that Henize 2-10 is a merger of two dwarf galaxies. On the basis of extended, tail-like features observed in both CO and H I, a study by Kobulnicky et al. (1995) lent further credence to this view. More recently, Reines et al. (2011) and Reines & Deller (2012) identified a low-luminosity active galactic nucleus (AGN) coincident with the dynamical center of the galaxy, making Henize 2-10 the first known dwarf galaxy to host a supermassive black hole.
All in all, with its intense star formation activity, high gas content (e.g., Kobulnicky et al. 1995) , and AGN candidate, Henize 2-10 may be similar in some ways to the Universe's earliest star-forming environments. Highresolution observations of this galaxy thus provide a unique window into the physical conditions thought to be prevalent at higher redshift.
A number of previous authors have observed Henize 2-10 in several millimeter lines, including carbon monoxide (CO), the most observationally accessible tracer of molecular gas, especially in external galaxies. Baas et al. (1994) and Kobulnicky et al. (1995) detected CO(1-0) emission in Henize 2-10, with the latter study revealing an elongated "tail" of molecular gas in the south-east, suggestive of a galaxy merger. Neither of these studies had sufficient angular resolution to identify GMC-scale structure in the interstellar medium. Higher transitions of CO have also been detected (Baas et al. 1994; Kobulnicky et al. 1995; Meier et al. 2001; Bayet et al. 2004; Santangelo et al. 2009 ). Of these studies, only Santangelo et al. (2009) had high enough angular resolution (1. 9 × 1. 3) to begin revealing the complex spatial structure of the ISM in Henize 2-10 and estimating properties of the galaxy's largest GMCs. However, these observations did not recover the elongated tail detected by Kobulnicky et al. (1995) .
Tracers of high density molecular gas in Henize 2-10 were observed by Imanishi et al. (2007) , Santangelo et al. (2009) , Vanzi et al. (2009) , and most recently by Johnson et al. (2018) . Johnson et al. (2018) imaged and detected the HCN(1-0), HNC(1-0), HCO + (1-0), and CCH(1-0) lines at a resolution of 1. 7×1. 6, finding no evidence that regions associated with SSCs have preferentially larger line widths. From their investigation of the relationship between CO(2-1) luminosity and line width, Johnson et al. (2018) suggested that Henize 2-10 molecular clouds either have radii of ∼ 8-32 pc, or instead, they may be larger but-possibly because of a high-pressure environment-have enhanced line widths.
This work presents new 12 CO(1-0) observations of Henize 2-10 taken with the Atacama Large Millimeter Array (ALMA). With the highest resolution and greatest sensitivity millimeter-wave data to date, we map the distribution of molecular gas in Henize 2-10 with unprecedented detail. With our resolution of ∼ 26 pc, we also identify GMCs, which in the Milky Way and other galaxies tend to range in size from ∼ 20 to 100 pc (e.g., Bolatto et al. 2008; Heyer & Dame 2015) . Our main goals are to (1) use this exquisite data set to identify molecular clouds; (2) characterize their properties; and (3) discover whether and why there are differences between stellar nurseries in Henize 2-10 and the Milky Way and other galaxies.
In Section 2 we provide an overview of our observations. In Section 3 we describe the global properties of the molecular gas, including the dynamics. In Section 4 we identify GMCs in Henize 2-10, characterize their properties, and compare these properties with those of molecular clouds in other galaxies. We further discuss our results in Section 5 and summarize our conclusions in Section 6. (Kerr & Lynden-Bell 1986) . Our data were processed and imaged using the Common Astronomy Software Applications (CASA) package 1 . The North American ALMA Science team used CASA version 4.5.3 to manually calibrate the data. We summarize the data processing steps as follows. First, there were basic flagging operations, including autocorrelation, shadowed antenna, and edge channel flagging. Next, a system temperature (T sys ) calibration table was generated and deviant T sys measurements were flagged. Then the antenna positions were calibrated, followed by atmospheric calibration using the Water Vapor Radiometer data. Finally, the bandpass, flux, and gain calibrations were performed.
We imaged our data in CASA using the multiscale CLEAN algorithm. This method, which searches for emission at a range of spatial scales, has been shown to do well at recovering extended emission, reducing the depth of negative emission features, and eliminating low-level flux missed by standard CLEAN algorithms, which only clean point source scale emission (e.g., Rich et al. 2008) .
With the aim of measuring the CO-derived properties of molecular clouds, natural weighting was chosen in order maximize sensitivity. We detected continuum emission with a total flux of about 25 mJy and subtracted this from the line emission in the visibility domain. Our process for imaging the CO line took several steps: first, we first examined each of the 200 1 km s −1 velocity channels around the systemic velocity of Henize 2-10 to determine where significant emission is arising from spatially. Next, a mask was drawn around all the significant and coherent emission. This mask was then used to deconvolve all image planes. Finally, we applied a primary beam correction, though we note that since most of the emission is concentrated in the central portion of the image, the effect on our measured flux is minimal. The final data cube has voxels with dimensions of 0. 1 × 0. 1 × 1 km s
and a spatial extent of 51 . The synthesized beam was measured to be 0. 67 × 0. 58, corresponding to a physical resolution of 28pc × 24pc at the distance to Henize 2-10. The rms sensitivity is 3.7 mJy per 1 km s −1 channel.
GLOBAL PROPERTIES OF MOLECULAR GAS
3.1. Dynamics Figure 1 shows the observed integrated 12 CO(1-0) spectrum of Henize 2-10 in units of brightness temperature, T B , constructed simply by averaging T B across the image (displayed in Figure 2 ) in each channel. The profile is asymmetric, similar to those presented by Baas et al. (1994) , Kobulnicky et al. (1995) , and Santangelo et al. (2009) .
We fit a Gaussian to the spectrum, determining a systematic central velocity of the molecular gas of about 843 km s −1 , occurring at a peak temperature of (2.37 ± 0.03) K. The fit gives a gas velocity dispersion of 24.60 ± 0.31 km s −1 and a total integrated CO intensity of I CO = 146 ± 3 K km s −1 . Figure 2 displays the 12 CO integrated intensity map, integrated over the velocity range 780 to 930 km s −1 . The morphology of the molecular gas is complex, having a clumpy distribution, several ring-like structures, and high-intensity knots connected by diffuse regions. We detect virtually no CO emission associated with starburst region B, while the nominal center of region A is situated near the edge of what appears to be a ring or arc of gas.
We Evans et al. 2010 ) are all nearly coincident. These positions all coincide with the third of five ultra-compact radio knots identified by Kobulnicky & Johnson (1999) . Moreover, the brightest (Hα equivalent widths greater than 100Å), youngest ( 10 Myr) SSCs identified by Johnson et al. (2000) are in region A, which these authors interpret as the center of starburst activity in Henize 2-10. Hereafter, we will refer to "region A" and "the center" of Henize 2-10 interchangeably.
In Figure 3 we display twenty 5 km s −1 -wide velocity channel maps, from 805 to 900 km s −1 . The color scale in each channel goes from 0.5σ rms to 2.25σ rms , where σ rms = 14.7 K km s −1 is the rms noise level of the integrated intensity map of the entire galaxy (Figure 2) • 24 38. 6. These two knots are redshifted from the systematic velocity (∼ 834 km s −1 ) at which the bulk of the molecular gas is moving.
In Figure 4 we present a map of the CO velocity field. Individual channel maps used to create this intensityweighted first moment map were clipped at 3σ (11 mJy/beam). One immediately notices in Figure 4 that the velocity field is not monotonic, as Kobulnicky et al. (1995) also observed. The same authors proposed that despite some variations, Henize 2-10 has an overall, relatively smooth velocity gradient that could be due to a large-scale molecular bar or disk. To assess the rotation curve in the inner regions of the galaxy near starburst A, • , which they determine is the direction of the steepest gradient. They then estimated a dynamical mass of 3.2 × 10 6 M within a 70 pc radius of the optical center. Using our new ALMA data, we estimate the direction of the steepest gradient by fitting a plane to the intensity-weighted first-moment map of velocity centroids, following Imara & Blitz (2011) . We perform the fit on the northern region of the galaxy, defined above. In this manner, we estimate the angle of the steepest gradient to be 143
• . In Figure 5 , we display a position-velocity diagram constructed by taking a 4 wide slice passing through the center of starburst A at a position angle of 143
• . The velocity profile is roughly linear within 3 of starburst region A, indicating that the gas motions are schematically consistent with solid body rotation in this region. To further emphasize the roughly linear trend, we also overplot the intensity-weighted radial velocities as a function of radial offset, binned every 0. 5. We perform a leastsquares fit to the binned velocities within 70 pc (1.7 ) of starburst region A, and we measure a velocity gradient of 7.8 km s −1 −1 , corresponding to a velocity difference of ∆V = 13 km s −1 within the inner 70 pc. This implies a dynamical mass, M dyn = (RV 2 /G)/(sin i) 2 -where i is the inclination of the region with respect to the line of sight-of 2.7 × 10 6 M . This is similar to the dynamical mass reported by Kobulnicky et al. (1995) , who assumed a velocity difference of 14.1 km s −1 , although their coarser resolution data could not resolve the inner 70 pc. Since we assume edge-on rotation (i = 90
• ), our estimate of the dynamical mass is a lower limit. For instance, inclinations of 45
• or 30
• would yield dynamical masses of 5.5 × 10 6 and 1.1 × 10 7 M , respectively. We note, however, that if the gas dynamics are governed by phenomena other than rotation, such as supernova-or bar-driven outflows, or if the CO emission does not trace the gravitational potential of the stars, then the dynamical mass may be overestimated by our assumption of solid body rotation. Johnson et al. (2000) obtained UV spectra of starburst region A, taken with the Hubble Space Telescope Goddard High Resolution Spectrograph. Using population synthesis modeling, they inferred a total stellar mass of 1.6-2.6 × 10 6 M . Reines et al. (2011) argued that the radio source in the region is likely due to an actively accreting supermassive black hole (SMBH) with a mass of 2 × 10 6 M . But Cresci et al. (2017) recently disputed this conclusion, concluding from new MUSE data that an outflow from a starburst provides a better explain for the dynamics of the region. Thus, if our interpretation of the velocity gradient is correct, then the star clusters and (potential) SMBH contribute most, if not all, of the total dynamical mass in the inner 70 pc around region A-if the rotating structure is edge-on. But we know that the total molecular mass within 70 pc is 6.0 × 10 6 M . Thus, given the combined mass of the stars, black hole candidate, and gas in this region, we can constrain the inclination angle of the rotation to be no more than 31
• -35
• . Additional contributions to the total mass in this region-coming from, for instance, obscured stars, atomic gas, and dust (e.g., Vacca et al. 2002) -would result in lower values for the inferred inclination.
Molecular Mass
We calculate the total luminous molecular mass M tot by summing over all pixels in the integrated intensity map shown in Figure 2 , as follows:
where I pix is the CO integrated intensity of a pixel, the δ terms are the pixel sizes, D is the distance, m H2 is the mass of an H 2 molecule, and the factor of 1.36 is included to account for helium. Converting from CO intensity to H 2 column density N (H 2 ) requires a CO-to-H 2 conversion factor,
Equivalently, α CO = M lum /L CO . In the Milky Way Galaxy, a typical conversion factor is X CO = 2 × 10 20 cm −2 (K km s Dame et al. 2001; Bolatto et al. 2013) . Assuming this value for Henize 2-10 yields a molecular gas mass of (1.2 ± 0.4) × 10 8 M . This value is in agreement with that obtained by Kobulnicky et al. (1995, 1.5 × 10 8 M when scaled to 8.7 Mpc), who used a larger CO-to-H 2 conversion factor of X CO = 3 × 10 20 cm −2 (K km s −1 ) −1 . If we apply the larger conversion factor to our observations, we get M mol = (1.8±0.6)×10 8 M , still entirely consistent with Kobulnicky et al. (1995) .
We also construct a masked version of the cube that should contain only robustly identified CO emission. To do this, we start with the non-primary beam corrected cube and seed the mask by identifying pairs of channels in a given pixel with signal > 5σ pix , where σ pix is the RMS noise for that pixel. We then expand the mask from these seeds to incorporate all emission connected to the initial maxima having intensities > 1.5σ pix . Experiments with the exact values of these seeding and edge thresholds suggest that this particular combination best allows for inclusion of all real emission while excluding noise peaks and removing any remaining imaging artifacts. We then apply the primary beam correction to this masked cube, and create a masked integrated intensity image using the same procedure described above. Since this approach includes only robustly identified signal, this is the version of the integrated intensity map we use to calculate the average surface densities as discussed below.
The bulk of the molecular gas, about 75% by mass, resides in the northern region of the galaxy, which we define as that west of 08 h 36 m 14 s .96 and north of −26
• 24 34.6. 2. The mean integrated intensity of the north region is 50.4 K km s −1 , which corresponds to an average molecular gas mass surface density of 219 M pc −2 (assuming the Milky Way α CO ).
In the southern part of the galaxy, there is an extended stream of gas about 7. 6 long, which corresponds to 320 pc assuming a distance of 8.7 Mpc. In the image of the 12 CO intensity map (Figure 2 ), one sees that this extended stream is not associated with the starburst regions. We define the stream as the remaining significant emission outside the northern region as defined above. This stream is significantly more diffuse than the main part of the galaxy, having an average integrated intensity of 22.2 K km s −1 , corresponding to Σ ≈ 97M pc −2 , assuming a Galactic CO-to-H 2 conversion factor. Kobulnicky et al. (1995) first observed this feature and argued that it may be a tidal tail resulting from a merger of two dwarf galaxies.
Metallicity is expected to influence the CO-to-H 2 conversion factor, with α CO decreasing as metallicity increases (see Bolatto et al. 2013 , and references therein). A wide range of gas phase metallicities have been reported in the literature for Henize 2-10, reflecting the familiar problem of different metallicity calibrations leading to conflicting results (e.g., Kewley & Ellison 2008). Vacca & Conti (1992) Henize 2-10 with a high-sensitivity echelle spectrograph on the Very Large Telescope. They took spectra in a 8 × 3 box in the brightest optical region of the galaxy, centered at (08 h 36 m 15, −26
• 24 33 [J2000]). In contrast to most of the other studies discussed above, Esteban et al. (2014) detected the [O III]4363 auroral line, which allows a determination of the electron temperature and thus the ionization parameter, and thus ultimately a better constraint on the oxygen abundance. We take their resulting measurement of 12 + log(O/H) = 8.55 ± 0.02 (∼ 0.7Z ) to be the most reliable in the literature and adopt this as the average metallicity for Henize 2-10, while acknowledging that the galaxy may have a metallicity gradient. If Henize 2-10 does indeed have such a gradient, it is likely that the CO-to-H 2 conversion factor varies across the galaxy as well. In the case that the metallicity is sub-solar on average, implying a higher CO-to-H 2 conversion factor the the typical Milky Way value we use here, it may be that we underestimate the molecular mass (though note that the conversion factor may also potentially be lower due to the starburst nature of the galaxy; see Section 4.6.2 for more discussion).
GMC IDENTIFICATION AND PROPERTIES
In this section, we describe how we identify individual molecular clouds in Henize 2-10, measure their properties, and compare them with clouds in other galaxies. Our comparison sample was selected to include a wide range of galactic environments. To provide as relevant a comparison as possible, we selected our sample from studies whose original observations have comparably high spatial resolution, high surface brightness sensitivity, and which used similar cloud identification algorithms to ours. Note that throughout this paper we will use the terms "cloud" and "GMC" interchangeably. To identify and characterize GMCs, we used the CPROPS algorithm of Rosolowsky & Leroy (2006) . This algorithm identifies significant emission within a threedimensional data cube by searching for pairs of adjacent pixels with signal-to-noise greater than a user-defined multiple of σ, the rms noise level per channel. It then includes all other pixels down to a lower threshold level and defines each such distinct set as an "island" of emission. Finally, individual clouds are decomposed from within these islands by identifying significant local maxima and the emission uniquely associated with each such maximum, then pruning from this set of candidate clouds those that have projected area smaller than the synthesized beam, an insufficient contrast in peak brightness as compared with the nearest merge level, or whose properties are robust to changes in including or excluding nearby candidate clouds (see Rosolowsky & Leroy (2006) for details).
GMC Identification
After performing several experiments using various parameters of the CPROPS algorithm, we ultimately used the default parameters to decompose our data cube into GMCs and estimate their properties. In particular, we selected a minimum threshold signal-to-noise of 4σ to seed the initial mask, and expanded to include all pixels > 2σ to generate the initial set of "islands." Clouds were decomposed from within these islands using a moving box of 15 pc×15 pc×2 km s −1 . To ensure all emission is assigned to a cloud, we used the modified CLUMPFIND (Williams et al. 1994) routine, which partitions the emission into the final set of local maxima after the pruning stage. The measured cloud properties were then corrected for the limited sensitivity of our observations by extrapolating to a contour of 0 K and corrected for the limited angular and velocity resolution of the data as described in Rosolowsky & Leroy (2006) . This final correction involves deconvolving the spatial beam from the size of the cloud by subtracting the RMS beam from the extrapolated spatial moments in quadrature. Similarly, the channel width is deconvolved from the second moment of the cloud in the velocity dimension (Rosolowsky & Leroy 2006). For a detailed look at the effects of varying CPROPS parameters, we refer the reader to Rosolowsky & Leroy (2006) and Faesi et al. (2018) .
Distributions of Cloud Properties
Using CPROPS as described above we identify 178 clouds, of which 59 are unresolved, meaning that either their major or minor axis is smaller than the beam prior to deconvolution. We take the 119 resolved clouds to be our final sample, the properties for which are listed in Table 6 . A histogram of the signal-to-noise ratio of the peak brightness temperature of all clouds, both resolved and unresolved, is presented in Figure 6 . Figure 7 shows the CO integrated intensity map again, this time with ellipses indicating the FWHM sizes and orientations of the 119 resolved clouds. Many of the clouds look slightly oblong, which becomes even more apparent when we calculate the GMC aspect ratios. For each cloud, we define the aspect ratio as the deconvolved second moment of the emission along the major axis divided by the deconvolved second moment of the emission along the minor axis. The median aspect ratios are 1.5 and 1.8 for resolved and unresolved clouds, respectively. Figure 9 shows the integrated intensity maps of a sample of individual GMCs in Henize 2-10. In each panel of this figure, only emission from the isolated GMC is shown, and nearby clouds or clouds along the line of sight with different velocities are not displayed. In other words, for each cloud we apply a 2D mask to each channel of the data cube and generate an intensity map constructed only from pixels assigned to that cloud. Figure  10 displays the average spectra toward the clouds imaged in Figure 9 . In each panel of this figure, emission from all clouds along the same line of sight toward an individual given GMC contribute to the average spectrum.
For clouds having projected radius R, one-dimensional velocity dispersion σ v , and CO luminosity L CO , the virial mass, luminous mass, and surface density are defined as follows:
where R and σ v are in units of parsecs and km s −1 , and we assume the standard Milky Way value for α CO the CO-to-H 2 conversion factor. This calculation for M vir assumes spherical symmetry and a power law volume density (ρ) profile ρ ∝ R −1 (Solomon et al. 1987; Bolatto et al. 2008) .
Uncertainties in the independent parameters R, σ 2 v , and L CO are calculated using a bootstrapping method, which estimates errors by creating several trial samples from the initial cloud data (Rosolowsky & Leroy 2006) , with 500 iterations. We compute uncertainties in the derived properties using standard propagation of error methods.
The GMC mass spectrum in Henize 2-10
The average luminous mass of our final sample of resolved GMCs is 7.0 × 10 5 M , and the median is 4.0 × 10 5 M . The mean and median of all clouds, both resolved and unresolved clouds, is 5.0 × 10 5 M and 1.7×10
5 M The mean and median masses of the Santangelo et al. (2009) sample are 3.7 × 10 6 and 3.1 × 10 6 M . These values are likely overestimates, since their observations had coarser spatial and velocity resolutions, and because they had a lower sensitivity than ours, preventing the detection of smaller, lower mass clouds.
We next examine the distribution of GMCs by mass, or GMC mass spectrum, in Henize 2-10. Here we parameterize in terms of the cumulative mass distribution including an upper mass limit M 0 to the population (e.g., Williams & McKee 1997; Rosolowsky 2005) :
where γ is the slope and N u is the number of clouds with mass greater than M u ≡ 2 1/γ+1 M 0 . The cumulative mass distribution for M lum of GMCs in our final sample is presented in Figure 11 . We estimate a completeness limit of 1.1 × 10 5 M . We determine this number from the 3-σ observational sensitivity of our 0th-moment map (σ = 14.7 K km s −1 ), which we convert to a luminosity, assuming a physical extent equal to the synthesized beam area (∼ 559 pc 2 ) and a Galactic CO-to-H 2 conversion factor of 4.35 M (K km s −1 pc 2 ) −1 . We fit the cumulative mass distribution to the data above the completeness limit using the mspecfit.pro IDL routine of Rosolowsky (2005) , which implements a maximum likelihood algorithm that incorporates uncertainties in the cloud mass to solve for γ, N 0 , and M 0 . For the Henize 2-10mass spectrum we derive a slope of γ = −1.54 ± 0.10, a truncation mass of M 0 = (4.7 ± 0.8) × 10 6 M , and N u = 19.8 ± 9.0 clouds. Most observations of molecular-dominated regions in the Milky Way and nearby galaxies suggest that the bulk of clouds have low masses (γ < 0), and the majority of mass resides in high-mass clouds (γ > −2; e.g., Williams & McKee 1997; Rosolowsky 2005; Kennicutt & Evans 2012) . In this respect, the Henize 2-10 GMC population is similar to those in the inner disks of the Milky Way (e.g., Rice et al. 2016) , M31 (Rosolowsky 2007) , M33 (Gratier et al. 2012) , and M51 (Colombo et al. 2014) . Moreover, the high-mass cutoff and the number of clouds at the high-mass end of the distribution is similar to the inner Milky Way. Williams & McKee (1997) compiled Milky Way GMC masses from Dame et al. (1986) , Solomon et al. (1987) , and Scoville et al. (1987) and determined M 0 ≈ 6 × 10 6 M and N u = 10 (Heyer & Dame 2015) . The GMC mass spectrum slope in Henize 2-10 also demonstrates a remarkably similar slope to that measured in the Milky Way (γ = −1.59 ± 0.11 Rice et al. 2016) . The mass spectra of less dense regions within galaxies, including the LMC (γ = −2.33; Wong et al. 2011) , the outer disk of M33 (γ = −2.3; Gratier et al. 2012) , and the interarm regions of M51 Table 6 . Each map is 5 × 5 , and the axes display the angular separation between the center of a given GMC and the center of starburst region A. The beam size is 0. 67 × 0. 58. The solid line shows the best-fit truncated power law to the data above our completeness limit of 1.1×10 5 M . We calculate a power law slope of γ = −1.54 ± 0.10, a truncation mass of M 0 = (4.7 ± 0.8) × 10 6 M , and Nu = 19.8 ± 9.0 clouds.
(γ = −2.5; Colombo et al. 2014 ) have steeper slopes than that of Henize 2-10. This may reflect longer GMC growth timescales in these more quiescent regions as compared to inner galaxy disks or spiral arms (Inutsuka et al. 2015) .
To test the effects of the completeness limit on the fitting formalism, we also calculated the mass spectrum considering a completeness limit of 2 × 10 5 M (about twice our nominal completeness). We derive a slope of γ = −1.70±0.16, a truncation mass of M 0 = (5.0±0.9)× 10 6 M , and N u = 11.8±6.8 clouds, fully consistent with the results above. We thus consider our results robust to completeness effects above our sensitivity limit. Figure 12 shows GMC size, velocity dispersion, luminous mass, and surface density plotted as a function of the distance from the center of the galaxy, (corresponding to the position of starburst region A). These plots provide clues about how galactic environment may or may not influence GMC properties. Though there are order of magnitude variations of these properties, there are no obvious systematic monotonic trends with distance. We also experimented with binning the data, but this did not reveal any systematic trends either. However, we do observe significant differences between the average properties of GMCs in the northern and southern regions of the galaxy.
GMC properties as a function of galactic environment
As discussed in Section 3.1, the bulk of the molecular mass resides in the northern part of the galaxy, as do most of the GMCs, and there is a tidal feature in the south-east that may be the result of a merger. One can see in Figure 12 that most of the resolved molecular clouds (111 out of 119) are located within 600 pc of the galaxy center, while 8 clouds are associated with the south-east tidal "tail." On average, molecular clouds in the tail are larger (43 ± 7 pc versus 28 ± 5 pc), more massive (M lum = (16.1 ± 0.6) × 10 5 M versus 3.6 ± 0.7 km s −1 ). What could explain these differences? If the tail is indeed the result of a past merger (Kobulnicky et al. 1995) , then the higher velocity dispersions of clouds in this region could be due to tidal interactions. An increase in size and mass would balance the increase in velocity dispersion, such that these clouds are in virial equilibrium like their northern counterparts (see §4.6). It may also be that the spatial and kinematic structure of the molecular gas is more complex in the northern region, potentially due to the high energy and momentum input from the massive super star clusters in region A. This could naturally lead to a higher density of smaller, discrete structures that CPROPS identifies as separate clouds in the northern region as compared to the southern tail. In addition, recall that M lum (and therefore, Σ), is calculated for all GMCs assuming a single, Galactic value for the CO-to-H 2 conversion factor. Thus, we cannot disentangle inherent variations in the luminous mass and surface density of clouds from potential variations in the conversion factor.
Molecular Clouds in Other Galaxies
To gain further insight into the physics of Henize 2-10 clouds, in the following section we compare their scaling relations to those of clouds in a sample of galaxies collected from the literature. Here we describe the assembled literature cloud property measurements, which (Guseva et al. 2000) , at a resolution of 24 pc.
Except for NGC 300 and II Zw 40, the molecular clouds in each of these galaxies were observed in the 12 CO(1-0) line. Faesi et al. (2018) observed CO(2-1) in NGC 300, and Kepley et al. (2016) used CO(3-2) to identify clouds in II Zw 40. Both of these studies used standard assumptions for CO line ratios to derive cloud masses.
The assembled data sets come from studies that had different observational parameters (e.g., resolution and sensitivity). However, we note that all the extragalactic studies to which we compare utilized CPROPS to identify clouds. Since the Milky Way studies fully spatially resolve all objects, CPROPS was not necessary to identify GMCs in Heyer et al. (2009) and Oka et al. (2001) . It is beyond the scope of this paper to fully homogenize the methodology and data, though we refer the reader to Kepley et al. (2016) and Faesi et al. (2018) for studies that used CPROPS parameters most similar to our own. Finally, we also note that CPROPS is able to accurately recover the properties of model clouds similar to real objects in the Milky Way via simulated observations as if these clouds were at extragalacgtic distances (Rosolowsky & Leroy 2006) .
Our focus here is to broadly compare Henize 2-10 molecular cloud properties with literature data sets and to explore general similarities or dissimilarities between the cloud populations. For Henize 2-10 and II Zw 40, we apply a Milky Way CO-to-H 2 conversion factor of α CO = 4.35 M (K km s −1 pc 2 ) −1 to estimate the luminous mass. Following Leroy et al. (2015) , we use a conversion factor twice this value for LMC clouds, according to the recommendation of Wong et al. (2011) . Many studies have shown that Galactic Center clouds appear to have conversion factors 3-10 times smaller than disk clouds, likely due to dynamical effects and enhanced excitation (see Oka et al. 2001; Bolatto et al. 2013 , and references therein). For the Galactic Center clouds, we apply α CO = 1 M (K km s −1 pc 2 ) −1 , following Leroy et al. (2015) . For the Faesi et al. (2018) cloud sample, we assume the luminous masses reported by these authors.
The Larson Scaling Relations
More than thirty years ago, Larson (1981) and Solomon et al. (1987) used millimeter observations to demonstrate that Milky Way molecular clouds follow a set of well-behaved relationships between their basic properties, including size, velocity dispersion, luminosity, and virial mass. Today, the so-called Larson's Laws are frequently used to compare extragalactic GMC populations to each other and to Galactic clouds. The first relationship says that the linewidth of molecular clouds increases with size, according to σ v ∼ R 0.5 for Galactic clouds. Typically called the size-linewidth relation, this is a statement that the internal turbulence of clouds increases as clouds get larger. The second relationship states that CO luminosity (equivalently, the luminous mass) scales with the virial mass of molecular clouds. Assuming that molecular clouds are virialized, this relationship is often used to determine a CO-to-H 2 conversion factor. The last relationship, stating that the mass scales with size, can be derived from the first two. As a consequence of the first relationship and virial equilibrium, the usual physical interpretation is that all molecular clouds have roughly the same surface density. However, GMC surface density variations have been observed between different galaxies or within distinct regions in individual galaxies, which may reflect local environmental conditions (e.g., Colombo et al. 2014; Sun et al. 2018 ). It is possible that GMCs in a given environment still have roughly constant surface density, with the precise value set by environmental facrtors (Faesi et al. 2018 ). Figure 13 displays the size-velocity dispersion relation for the resolved clouds in our sample plotted alongside clouds from other galaxies. Note that the velocity dispersion σ v differs from the FWHM linewidth by a constant factor of (8 ln 2). Qualitatively, the Henize 2-10 clouds appear to occupy a similar region of this parameter space as those in the disks of the Milky Way and other galaxies (both dwarfs and spirals). In contrast, the center of the Milky Way appears to have much higher linewidth clouds for a fixed size than those in galaxy disks, including Henize 2-10. This may reflect the increased confining pressure in these environments; we will return to this point in §5. Figure 13 shows that Henize 2-10 GMCs in general seem more similar in size and linewidth to those in the Milky Way disk and other nearby galaxies than those in, for example, the Milky Way center. However, there is a large amount of scatter in our data beyond the error bars, suggesting that the size and linewidth may not be well-correlated in Henize 2-10. To explore this formally, we calculate the Pearson correlation coefficient r p between these quantities. We find that r p = 0.5, with an associated p-value that rejects the null hypothesis of no correlation at a significance of 4σ (two-tailed). Size and linewidth are thus formally correlated in these GMCs in Henize 2-10, as is the case for GMCs in other galaxies, though the relatively low Pearson coefficient demonstrates that the correlation is not particularly strong.
Size-linewidth relation
We conduct a fit to the size and linewidth using nonlinear orthogonal distance regression, which incorporates uncertainties in both axes into the fit. The derived slope is 1.31 ± 0.14-much steeper than the value of 0.5 that has been measured in the Milky Way and NGC 300 (e.g., Heyer et al. 2001; Rice et al. 2016; Faesi et al. 2018 ). Taken at face value, this could suggest that turbulent energy dissipation is more efficient for high sonic Mach numbers than low Mach numbers, a scenario suggested to qualitatively explain the steep size-linewidth relation seen in Milky Way Central Molecular Zone (Kauffmann et al. 2017) . Further testing would require detailed comparison to numerical simulations, which we defer to future studies.
Furthermore, we also note that we have not subtracted bulk motions from cloud linewidths, so linewidths for large clouds (which should show larger bulk velocity gradients) may be systematically overestimated, leading to an overestimation of the size-linewidth power law slope (i.e., a steeper derived slope than what is actually present in the data). Furthermore, the residual variance to the power law fit is 6.4, which, when considered alongside the relatively low Pearson coefficient, suggests that a power law is not actually a particularly good model for these data. We thus caution the over-interpretation of the exact value of this power law slope.
We note that most of the clouds in our sample have sizes, velocity dispersions, and luminous masses above the resolution and completeness limits. Based on their analysis of molecular clouds in NGC 300 at the limit of spatial resolution, Faesi et al. (2018) discarded clouds that were less than half the size of the beam size of their observations. Following Faesi et al. (2018) in defining half the beam size as our spatial resolution completeness limit (∼ 13 pc), there are are only 9 resolved clouds in Henize 2-10 with deconvolved radii below this value. There is only one resolved cloud having a deconvolved velocity dispersion less than the smoothed velocity resolution of 1 km s −1 . There are 9 clouds with luminous masses less than the completeness limit mass of 1.1 × 10 5 M . Thus, clouds lying below the completeness or resolution limits have a fairly minor effect on the Larson's relations.
To further assess how the difference in turbulence at a fixed size scale is related to the density structure of GMCs, Figure 14 compares the size-linewidth coefficient (which can be interpreted as the velocity structure function coefficient), C = σ 2 v /R, with the cloud surface density, Σ (see, e.g. Heyer et al. 2009 ).
The dashed line in Figure 14 indicates the expectation for virialized clouds, Σ ≈ 331σ 2 v /R. The Henize 2-10 GMCs scatter about this line, suggesting that they have linewidths that approximately balance their level of selfgravity. As compared to the LMC clouds and Milky Way disk clouds from the Heyer et al. (2009) study, they are shifted slightly further upward along the C-Σ relation. In particular, the Henize 2-10 GMC population median Σ is larger by a factor of 60% and factor of two than those of the Milky Way disk and LMC, respectively, while the Henize 2-10 GMC population median C is larger by a factor ∼ 2 compared to the other two studies.
In the C-Σ plane, deviations above and below the line reflect changes in the ratio of kinetic to gravitational potential energy (i.e., virial state), while changes in the direction along the line can be interpreted as differences in the ISM pressure in which the clouds are found (Field et al. 2011; Hughes et al. 2013; Utomo et al. 2015; Faesi et al. 2018; Sun et al. 2018) . Our results thus suggest that the Henize 2-10 clouds reside in a slightly higher pressure environment than those in the Milky Way or LMC. It should be recalled that M lum is calculated for all GMCs-in the Henize 2-10 sample and the other galactic data sets, aside from NGC 300-assuming a single value within each galaxy for the CO-to-H 2 conversion factor (see §4.4). Thus, it is difficult to disentangle inherent variations in the surface density from potential variations in the conversion factor, which we do not account for (see §4.6.2). We do note that α CO varies among and within nearby galaxy disks by a factor of about 0.3 dex (Sandstrom et al. 2013) , and so this should be considered when comparing properties depending on CO luminosity (e.g., mass or surface density) between cloud populations. Measurements depending on velocity dispersion and size should be only minimally affected by systematic errors in the conversion factor, modulo effects of limited sensitivity to molecular gas mass at low metallicity. Figure 15 shows the luminous mass versus virial mass estimates for the Henize 2-10 GMCs. The correlation is statistically tight, with a Pearson coefficient (in logarithmic space) of 0.90. The corresponding p-value is sufficient to reject the null hypothesis that virial and luminous mass are uncorrelated at the 10σ level. We perform a bilinear least-squares fit to the logarithm of the masses to derive a slope of 1.2 ± 0.1. The clouds are on average near virial equilibrium (i.e., along the one-to-one locus). In this respect, Henize 2-10 GMCs are similar to clouds in the molecular ring of the Milky Way, which are also observed to be in virial equilibrium (Larson 1981; Solomon et al. 1987; Heyer et al. 2009; Heyer & Dame 2015) . The slightly superlinear slope implies that higher mass clouds are preferentially less bound than lower mass ones, assuming CO is an equally faithful tracer of molecular gas at all masses. However, we note that (1) the majority of GMCs in our sample appear to be gravitationally bound (Figures 14 and 15) , and (2) our derived slope is within 2σ of unity, thus we do not further investigate this possibility.
Virial relation
Assuming the GMCs are in virial equilibrium, we can estimate the CO-to-H 2 conversion factor as α CO = M vir /L CO . This method of determining α CO assumes that the virial mass, M vir , represents the actual molecular mass of a cloud. The distribution of α CO derived under this assumption is displayed in Figure 16 . The implied conversion factor in Henize 2-10 clouds ranges from 0.5 to 13, and the median value is 3.7 M (K km s −1 pc 2 ) −1 , slightly less than fiducial Galactic value of 4.3 M (K km s −1 pc 2 ) −1 (Bolatto et al. 2013) .
If metallicity were the only influence on the CO-to-H 2 conversion factor, and if indeed Henize 2-10 has on average a sub-solar metallicity, then one might expect the galaxy to have a higher conversion factor on average, compared to the Milky Way (e.g., Bolatto et al. 2013 ). On the other hand, the conversion factor in starbursts is expected to be driven down by high molecular gas temperature and velocity dispersion, which result from the merger activity and stellar potential in these systems (e.g., Narayanan et al. 2011; Bolatto et al. 2013 ). Values as low as 0.8 M (K km s −1 pc 2 ) −1 have been adopted for starbursts (e.g., Downes & Solomon 1998 ). While Henize 2-10 molecular clouds do not display CO line widths significantly higher than Milky Way clouds, we cannot say anything about the gas temperature based on our observations. Since the metallicity and starburst effects on α CO described above operate in opposite directions, and we do not have sufficient direct constraints from our observations, we do not attempt to account for these effects in our calculations.
If the CO-to-H 2 conversion factor depends on luminosity, as shown by previous authors for Milky Way clouds (e.g., Solomon et al. 1987; Bolatto et al. 2013 ), then our derived values for α CO may be a function of the luminosity range we sample. However we do not observe a clear trend between α CO and luminosity for Henize 2-10 clouds, and so any changes in α CO due to luminosity may be minimized in this galaxy. Ultimately, the values 3.7 and 4.3 are not all that different from each other; and so given the many uncertainties in determining α CO , given that α CO may vary across the galaxy, and for the sake of comparison with previous studies, we use a single, Milky Way value for the conversion factor of α CO = 4.3 M (K km s −1 pc 2 ) −1 for this work.
Mass-size relation
We present the relation between GMC luminous mass and size in Figure 17 alongside a comparison sample from other galaxies. Henize 2-10 clouds occupy an intermediate region on the plot between Galactic Center clouds and NGC 300 clouds. The median surface density is 180 M pc −2 , similar to Galactic GMCs in the Molecular Ring (Heyer & Dame 2015) , a point we return to in §5. However, the precise scaling of the mass-size relation for Henize 2-10 clouds is quite different from what has been observed for Galactic clouds.
Mass and size are closely correlated in the Henize 2-10 GMCs, with a Pearson coefficient of 0.83, and lack of correlation is ruled out at the 8σ level. A bilinear least-squares fit to the logarithms of the quantities yields a slope of 3.0 ± 0.3. This result stands in contrast to observations of Milky Way GMCs, for which Larson (1981) found an inverse correlation between volume density and size, implying that Galactic GMCs have roughly the same surface density, since Σ ∼ M/R 2 ≈ constant. This same scaling was also found in subsequent studies of Milky Way clouds (Solomon et al. 1987; Heyer et al. 2009; Lombardi et al. 2010) as well as in NGC 300 Faesi et al. (2018) . To test whether completeness effects alter our conclusions here, we calculated the best-fit slope for all Galactic clouds as well as for those only above the Henize 2-10 completeness limit of 1.1 × 10 5 M . For all Galactic clouds, the slope is 2.1., while for clouds above the completeness limit, the slope is 1.7. Since for a given cloud size, Henize 2-10 has a larger number of more massive GMCs than does the Milky Way, this suggests that these more massive clouds drive up the slope in Henize 2-10.
In contrast to the Milky Way, our results suggest that instead of constant surface density, Henize 2-10 GMCs have constant volume density. However, this is not a definitive conclusion, since the apparently steep slope assumes a constant CO-to-H 2 conversion factor. Nevertheless, while some Galactic data argue for constant surface density clouds, other studies suggest that environmental differences give rise to significant physical differences in surface density (Bolatto et al. 2008; Heyer & Dame 2015; Utomo et al. 2015) . As discussed in Section 4.6.1 (see Figure 14) , ISM pressure may be one such factor that sets the average surface density of GMC populations in different environments (Faesi et al. 2018 ).
DISCUSSION

Comparison with the Milky Way
A key goal of this study was to characterize the molecular gas and GMC properties in Henize 2-10 and to compare them with those in the Milky Way. Our results suggest that despite these two galaxies having significant differences in their global properties-including mass, morphology, and specific star formation rate-their GMC populations have relatively similar mass distributions. The characteristic masses, sizes, and surface densities of the GMCs in these two galaxies are also similar. However, the Henize 2-10 clouds have higher linewidths than Milky Way clouds by a factor of 50%, on average, suggesting increased turbulence (perhaps due to the starburst nature of Henize 2-10) as compared to the Milky Way disk.
Henize 2-10 has a stellar mass of 3.7 × 10 9 M (Reines et al. 2011) , an H I mass of M HI = 3.1×10 8 M (Sauvage et al. 1997) , and a molecular mass of 1.2 × 10 8 M ( §3.2), each about an order of magnitude lower than the those in the Milky Way, which has stellar, H I, and molecular masses of 5.2 × 10 10 M ( Reines et al. (2011) determined the stellar mass for Henize 2-10 using measurements of the integrated K s -band flux. Nguyen et al. (2014) analyzed the g-and r-band surface brightness profiles of Henize 2-10 and from these inferred a higher stellar mass of (10 ± 3) × 10 9 M , enclosed within 4.3 kpc. In this paper, we adopt the Reines et al. (2011) estimate for stellar mass, which is in close agreement with other estimates reported in the literature (e.g., Kormendy & Ho 2013; Madden et al. 2013) .
The SFR in Henize 2-10 is comparable to that of the Milky Way (1.65 M yr −1 ; Licquia & Newman 2015) . Using far-infrared observations from Herschel, Madden et al. (2013) estimated 0.79 M yr −1 for Henize 2-10, while Reines et al. (2011) use Hα and 24 µm measurements to estimate an SFR of 1.9 M yr −1 . With its lower stellar mass, however, Henize 2-10 has a specific star formation rate (sSFR = SFR/M ) from 6 to 16 times higher than the Galactic sSFR. Note, if we assume a higher estimate of the stellar mass for Henize 2-10 (∼ 10 10 M ; Nguyen et al. 2014) , its sSFR would be roughly 2-6 times higher than that of the Milky Way.
Henize 2-10 and the Milky Way have similar gas-tostellar-mass fractions, f g ≡ (M HI + M H2 )/M . For Henize 2-10 f g ≈ 0.12, while in the Milky Way f g ≈ 0.17. However, Henize 2-10 has a greater proportion of its cold neutral gas in the form of molecular gas (∼ 28%) than the Milky Way, which has about 11% of its gas in the form of H 2 . It follows that Henize 2-10 has a molecular gas depletion time-scale, τ dep ≡ M H2 /SFR, of roughly 0.15 Gyr. The molecular gas depletion time describes the amount of time it would take for a galaxy to use its entire supply of molecular gas at its current rate of star formation, assuming a closed system. While the 0.15 Gyr for Henize 2-10 is very similar to the molecular depletion time-scales of individual Milky Way GMCs in the solar vicinity (Lada et al. , 2012 , this is more than an order of magnitude faster than the ∼ 6 Gyr depletion time in the Milky Way as a whole when all molecular gas is included. This suggests that the current burst of star formation is probably short lived, as the galaxy will soon run out of star-forming fuel if it is not somehow replenished quickly. Saintonge et al. (2011) used 12 CO(1-0), optical, and UV observations of 222 galaxies having stellar masses in the range 10.0 < log M /M < 11.5 and redshifts 0.025 < z < 0.05 to investigate the molecular depletion time-scale. They concluded that τ dep has a strong dependence on galaxy specific star formation rate and can be parameterized as log τ dep = −0.44(log sSFR + 10.40) + 8.98, where τ dep and sSFR are in units of yr −1 . For Henize 2-10, the sSFR determined from optical observations is 1.1 × 10 9 yr −1 , predicting a depletion time of τ dep ≈ 0.23, in agreement with our above results. Thus, assuming the Saintonge et al. (2011) relationship can be extrapolated to lower stellar masses, Henize 2-10 is most similar to the luminous infrared galaxies observed by these authors. Not only does Henize 2-10 have a higher proportion of molecular gas than the Milky Way, that gas is at a much higher average density in comparison to the Galaxy. Heyer & Dame (2015) estimated that the H 2 mass within the solar circle-corresponding to Galactic radii between roughly 2 to 8.5 kpc-is 6.3-7.5 × 10 8 M , depending on the Galactic model assumed. This corresponds to an average surface mass density within the solar circle of 3-3.5 M pc −2 . By comparison, the average surface density of molecular gas in Henize 2-10 is significantly higher, ranging from 97 M pc −2 in the southern tidal tail, to 219 M pc −2 in the northern part of the galaxy where most of the gas is concentrated (see §3.2). Since the GMCs in these two galaxies have relatively similar properties, this large difference in average density could be due to two potential effects: either the molecular gas in Henize 2-10 has a much higher area (and presumably volume) filling factor than that of the Milky Way, or there is a large amount of relatively dense molecular gas not in GMCs in Henize 2-10. We explore these possibilities below. Heyer & Dame (2015) reported the surface densities of GMC populations in the Galactic center, the Molecular Ring, and the outer Galaxy, with values of 1800, 200, and 30 M pc −2 , respectively. The surface densities, Σ = M lum /(πR 2 ), of Henize 2-10 clouds range from 71 to 727 M pc −2 , with mean and median values of 232 and 180 M pc −2 , respectively, similar to Galactic GMCs in the Molecular Ring. We note that Heyer et al. (2009) examined the properties of Molecular Ring clouds in the Solomon et al. (1987) sample using 13 CO data and derived a median surface density of 42 M pc −2 . In light of this particular study, Henize 2-10 GMCs seem to have much higher surface densities, on average, than Molecular Ring clouds. However the surface densities determined by Heyer et al. (2009) should be considered lower limits due to excitation effects and diminished 13 CO abundances in the low-column-density regime, and so we focus our comparison to the summary presented in Heyer & Dame (2015) .
The total luminous mass of the 119 cataloged GMCs in Henize 2-10 is roughly 67% of the mass inferred from the total observed CO emission, compared to a value of 40% in the Milky Way (Heyer & Dame 2015) . If we take into account the mass in all 178 clouds, including the unresolved clouds, this amounts to ∼ 71% of the total molecular mass in the galaxy. Since the GMC surface densities are similar between these two galaxies, and Henize 2-10 has a higher fraction of molecular gas in GMCs than the Milky Way, the higher observed average molecular gas surface density in Henize 2-10 is primarily a result of a higher area filling factor as compared to the Milky Way. This may also explain why the molecular gas depletion time in Henize 2-10 is as short as that in Milky Way GMCs: the background molecular gas density is similar to the average GMC density, and so star formation can proceed across the galaxy in a manner similar to how it does in individual Milky Way GMCs.
There are some caveats to consider when evaluating the robustness of the fraction of molecular mass in GMCs. If the CPROPS cloud identification algorithm missed some emission that should have been assigned to individual GMCs, this would lead to underestimates of their mass. However, we remind the reader that we used the modified CLUMPFIND parameter (see §4.1), which ensures that all detected emission is assigned to a detected cloud. Moreover, in measuring cloud properties, CPROPS extrapolates the sizes of clouds to 0 K to account for the effects of finite sensitivity. On the other hand, if we have not accounted for all diffuse, extended emission in the calculation of the total molecular mass, this would result in an underestimate of the fraction of molecular gas locked up in GMCs, though we expect this effect to be minor since our total derived molecular mass is in agreement with the single dish observed value of Kobulnicky et al. (1995) .
Extrapolating the GMC contours to 0 K raises another potential problem, because the integrated intensity of the entire galaxy has not been corrected for limited sensitivity. Extrapolation introduces more emission to clouds than they would otherwise have and, therefore, leads to higher mass clouds. In Table 5 .1 we provide estimates of the total luminous mass in GMCs, both extrapolated and not extrapolated, for the total sample as well as resolved clouds only. If we compare the total unextrapolated mass in resolved clouds to the total mass of Henize 2-10, this lowers the estimated fraction of molecular mass within Henize 2-10 clouds to about 45%. We note that this reflects a rather strict lower limit on this fraction since unextrapolated cloud masses are systematically underestimated in simulated observations at our observed signalto-noise (Rosolowsky & Leroy 2006) , and since we do not see evidence for significant extended CO emission missed in our observations.
The Relationship Between GMCs and SSCs
In Section 4.4 we investigated the possibility that galactic environment influences GMC properties. We found that proximity to starburst region A does not have a significant impact on size, velocity dispersion, mass, and surface density. Neither do we measure significant differences in the virial parameters of clouds in close proximity to starburst region A. In §4.6.2 we found a tight, nearly linear correlation among the GMCs between M vir and M lum . The virial parameter, α vir = M vir /M lum , is frequently used to parameterize the relationship between gravitational and kinetic energy in physical systems, with values near unity indicating virial equilibrium (Bertoldi & McKee 1992) . In a cloud with α vir 1, gravity is more important than kinetic energy, and the cloud may be supported by magnetic fields, if it is not collapsing on a free-fall timescale. In a cloud with α vir 1, kinetic energy dominates over gravity, and the cloud must be confined by external pressure if it is not expanding and dispersing. 2), which would suggest variations in the CO-to-H 2 conversion factor across the galaxy, the corresponding calculations for M lum and α vir might be expected to shift with α CO accordingly (see Section 4.6.2), but this shift would likely be in the sense that clouds would be more gravitationally bound than what we measure.
In Figure 18 we plot α vir as a function of projected distance from the center of Henize 2-10 for each GMC in our sample. We find no significant statistical trend with distance, consistent with the findings of Johnson et al. (2018) , who found that regions of high-density gas near SSCs do not exhibit preferentially large line widths. This is interesting, because one might expect that feedback associated with the starburst region would lead to higher levels of turbulence in GMCs and, consequently, larger virial parameters than clouds in a relatively quiescent part of the galaxy. However, feedback could also lead to increased compression of the gas, resulting in low virial parameters. Ultimately, we would benefit from more information to determine whether this is a real trend that is probing the underlying physics and chemistry of Henize 2-10. For instance, if metallicity varies systematically across the galaxy, it might be appropriate to apply a variable CO-to-H 2 conversion factor to calculate M lum for individual clouds.
Observational studies including Johnson et al. (2000) , Santangelo et al. (2009), and Johnson et al. (2018) have suggested that the molecular clouds in Henize 2-10 may be the sites of future super-star clusters. The fraction of gas in a GMC that is converted into stars is roughly 5% in the Milky Way (e.g., Williams & McKee 1997; Evans et al. 2009; Murray et al. 2010) , and it may increase to as high as ∼ 35%, as a function of gas surface density, in luminous starburst galaxies (Murray et al. 2010) . Johnson et al. (2000) estimate a total starburst mass in regions A and B of roughly 1.6-2.6 × 10 6 M and 2.6-6.6 × 10 4 M , respectively. Assuming = 5%, 47 of the clouds in our catalog, including 5 clouds in the southern "tail," currently have enough molecular mass to form SSCs similar in mass to region B. Of these, 33 clouds-all in the main body of the galaxy-have virial parameters less than unity. It is also possible that the efficiency of converting gas to stars is greater than 5% in Henize 2-10. For instance, if the efficiency were as high as 35%, Cloud 112 has sufficiently mass at present (M lum = 5.1 × 10 6 M ) to eventually form an SSC with mass comparable to region A. Whatever the alternatives, it is entirely plausible that, with their roughly unity virial parameters, and given reasonable efficiencies, the GMCs in Henize 2-10 may be the precursors of subsequent generations of SSCs.
SUMMARY
We presented new 12 CO ALMA observations of the blue compact dwarf galaxy, Henize 2-10. To date, these are the highest resolution observations of molecular gas in this galaxy. We used these data to map the spatial and kinematic structure of the molecular ISM and explore the properties of giant molecular clouds in Henize 2-10. We summarize our most salient results:
1. The molecular gas of Henize 2-10 has a complex morphology, with clumps, ring-like structures, and high-density peaks of emission. Most of the gas, about 70%, is concentrated in the north of the galaxy and is associated with the optical peak, where most of the starburst activity is taking place. Assuming a standard CO-to-H 2 conversion factor for the Milky Way Galaxy, we calculate a total molecular gas mass in the galaxy of (1.2±0.4)×10
8
M . Roughly 30% of this mass resides to the south-east in an extended, 320-pc long stream of gas.
2. Henize 2-10 has a velocity gradient in the molecular gas within the inner 70 pc around starburst region A, consistent with solid body rotation. Assuming edge-on rotation, the gradient implies a lower limit to the dynamical mass of 2.7 × 10 6 M . The combined mass of the star clusters and the supermassive black hole candidate in the region is roughly 4 × 10 6 M , suggesting that the stars and potential SMBH make the dominant contribution to the dynamical mass, unless the structure has a lower inclination. Given the total mass within 70 pc of starburst region A, including 6 × 10 6 M of molecular gas, we constrain the inclination to 31
• − 35 • .
3. We used the CPROPS algorithm (Rosolowsky & Leroy 2006 ) to identify molecular clouds in the three-dimensional data set. We identify 178 GMCs, of which 119 are resolved and are used for our final sample. The clouds have median properties similar to those in the Molecular Ring of the Milky Way, including size (26 pc), luminous mass (4.0×10 5 M ), and surface density (180 M pc −2 ) for Henize 2-10 clouds. Henize 2-10 GMC velocity dispersions (median 3.2 km s −1 ), are about a factor 50% higher, at the same mass or size, than those in the Milky Way.
4. Henize 2-10 GMCs have a mass spectrum with a power law slope of −1.54 ± 0.10 and a truncation mass of (4.7±0.8)×10 6 M , remarkably consistent to that measured for Milky Way clouds.
5. The size-linewidth relation for GMCs in Henize 2-10 shows a large amount of scatter but these properties are formally correlated at the 4σ level based on the Pearson coefficient. Overall, the GMCs occupy a similar region of the size-linewidth parameter space as clouds in the disks of the Milky Way and other galaxies, but the formal slope of the sizelinewidth relation in Henize 2-10 is 1.3, significantly steeper than that in the comparison samples.
6. The luminous mass versus virial mass relationship for Henize 2-10 GMCs shows a high degree of correlation and a slope of 1.2 ± 0.1. The Henize 2-10 clouds also lie along the locus of gravitational equilibrium in the size-linewidth coefficient -surface density plane, though slightly higher in both parameters than disk galaxy clouds to which we compare. This supports the conclusion that the Henize 2-10 clouds are largely in or near virial equilibrium.
7. Assuming a constant CO-to-H 2 conversion factor, Mass and size are closely correlated in the Henize 2-10 GMCs, with a slope of 3.0 ± 0.3. Our results suggests that, in contrast to the Milky Way, instead of constant surface density, Henize 2-10 GMCs have constant volume density.
8. The average molecular gas surface density in Henize 2-10 is a factor of 30 to 70 higher than in the Milky Way disk, despite the fact that their GMC surface densities are similar. This reflects the fact that the molecular gas filling factor in Henize 2-10 is close to unity.
9. The most massive GMCs in Henize 2-10 are potential sites for future super-star clusters because (1) they have near-unity virial parameters, so they are gravitationally bound and thus can form stars; and (2) given a reasonable efficiency of converting gas to stars (as low as ∼ 5%) they will form clusters with masses in the range of the existing SSCs in the galaxy.
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